The aim of this work was to characterize the air mycobiota of two production plants, one of artisanal chocolate and another of products for special regimes in a food factory in Cuba at different times of the year. The air was sampled during 1 year every 25 days distributed in rainy season and non-rainy. The method proposed by Omeliansky was applied and four bacteriostats were used: chloramphenicol, lactic acid, sodium chloride, and iodized common salt with malt agar extract in Petri dishes exposed for 1 h. The temperature and relative humidity were monitored to determine their influence on the fungal concentration, which was higher in the rainy season. Among the main fungi isolated from the air mycobiota of these production plants, Neurospora crassa was the predominant species along with the genera Aspergillus and Trichoderma. In addition, other less frequent genera as Cladosporium and Fusarium were detected. However, Penicillium and Mucor were predominant and non-frequent in the artisanal chocolate area. The adequate constructive design of the production plants and the correct location of dehumidifiers were identified as important elements to decrease the fungal contamination. Likewise, this study suggests the use of iodized salt as an economic alternative in air microbiological sampling of indoor environments.
Introduction
Environmental air of indoor food factories represent a serious problem in industry with potential to affect the comfort and safety of employees and significantly cause losses to the economy (Sun et al. 2017) . In addition, the manufacture of some products impose rigorous controls on environmental air quality to decrease the possibility of contamination. Therefore, it is necessary to monitor the air in contact with food products (Lee and Shin 2017) . The studies related to control the properties of air, mainly temperature and humidity, offer the possibility of reduce the presence and growth rate of some microorganisms in manufacturing and storage areas (Kim et al. 2015; Ndraha et al. 2018) . Several studies recognize that geographical area and the period of the year in which the samples are taken influence the microbial results (Fröhlich-Nowoisky et al. 2012; Rojas and Aira 2012) . Hence, in tropical countries, it is recommended covering periods that allow general conclusions, for that reason, should be considered the rainy season and the non-rainy (Rica et al. 2008) .
Among the air biota, filamentous fungi (air mycobiota) are the most studied for their biodeteriorant and pathogenic attributes (Górny 2004; . The heretotropic absorption of fungi involves the secretion of enzymes, the degradation in structural ashlars of organic matter, and its later incorporation into the fungal body. So, this type of nutrition causes the biodeterioration of substrates. This is mainly due to its complex exoenzymatic system and the secretion of mycotoxins by strains of the fungal genera Aspergillus (aflatoxins and ochratoxin), Fusarium (fumonisin, deoxynivalenol, and zearalenone), and Penicillium (patulin and citrinin) (Sánchez-Hervás et al. 2008; Bhat et al. 2010) . They are reproduced from propagule whose concentration varies with humidity because they are highly hygroscopic (Reponen et al. 2001) .
In this context, international regulatory standards establish the permissible limits of microorganisms to outdoor and indoor air (Nevalainen 2009 ). In many countries, it is regulated for food processing (Radler et al. 2000 Pr-EN-1632 -4 (Comunidad Europea 1995 . It is stated that in the food processing, laboratories can be evaluated by methodologies to study air quality (Hernández and Marín 2013) . However, the Cuban Standard NC 1020:2014 (2014) (Air quality Health and hygiene requirements) does not include microbiological contamination. Only in the Cuban fishing industry adapted a methodology proposed by Omeliansky method as a branch standard NRP 201:1987 standard NRP 201: (1987 applies to monitor air quality microbiology laboratories. In Havana, indoor environment studies were carried out, using the Omeliansky method. These studies always oriented to the preventive conservation of documents with patrimonial character (Borrego and Perdomo 2014; Borrego et al. 2017) . So far in Cuba, we have not done such studies to characterize the interior environment of their local food production. The control of the microbiological quality of the air, not only a safe food is guaranteed. With a clean air, in chocolate production premises and food with special regimes, the preservation of the raw material is guaranteed and thus avoid economic losses. It is estimated that large sums of money are lost when raw material in poor condition has to be discarded due to contamination of microorganisms. In Cuba, it is a high cost to buy this raw material for the elaboration of these foods; it is a reason why correct conservation is necessary. Research on the microbiological quality of indoor air has a positive economic and social impact. The subject investigated has great importance and relevance with impact on the food industry. This is the first work carried out in buildings of the food industry in Cuba. Therefore, the objective of this work was characterized by the indoor air mycobiota of two locals in a food industry in Cuba.
Materials and methods

Location of local objects of study
The air samples were collected from two manufacturing plants of a food factory in Havana, Cuba. In a semi-urban area, surrounded by abundant vegetation (trees and shrubs). The buildings have a single floor that implies the direct incidence of solar radiation on the roofs. The first location was an artisanal chocolate plant (ACP) in which are manufactured 44 hand-made products that do not receive heat treatment for their conservation (Fig. 1) . The second place was a plant of products for special regimes (SRP), in which dry raw materials are rich in starch and proteins (isolated from soy and dehydrated egg). Therefore, they are easily contaminated microbiologically, mainly by filamentous fungi, and require a very strict control to prevent spoilage by these agents (Fig. 2) .
Mycological air sampling
The air samples were taken between 1:00 and 2:00 p.m. (Rojas et al. 2008 ) every 25 days from March to November 2017, covering the rainy seasons and little rain. Two environmental variables were established within the two selected production plants, temperature, and relative humidity of the air, which were measured with a digital thermohydrometer (Hygro-Thermometer DHT-1, China) with scale of T of 5 to 50°C (0.1°C precision) and RH of 10 to 100% (1% precision). The gravimetric method proposed by Omeliansky was used to collect the samples (Bogomolova and Kirtsideli 2009;  ), a: number of colony per Petri dish; b: dish surface (cm 2 ); t: exposure time (min).
Petri plates were 90 mm in diameter, and exposure time was 1 h to follow the methodology proposed by (Pasquarella et al. 2000) for determining the microbiological environmental index (MEI), which has been standardized and evaluated in numerous environmental studies (Pasquarella et al. 2012) . These authors propose sample for 1 h, placing the plates at 1 m above the floor and 1 m from the walls (1:1:1). Depending on the size of the premises, the Petri dishes were placed along diagonal lines of 3 or 5 points (Federación Española de Empresas de Calidad Ambiental Interior. Madrid 2007; Rojas and Aira 2012) and then they incubated at 30°C for 3 to 5 days (Rojas 2012) . Four bacteriostats were used during air sampling, because there is no methodology that indicates which is the most appropriate. Four means of cultivation were prepared 1 L Malt Extract Agar (MEA) (BIOCEN, Cuba) to which was added 0.1 g of separately chloramphenicol, 5.0 mL of lactic acid to 10% until pH = 3.5 to 4, 75.0 g of sodium chloride (Borrego and Perdomo 2012) laboratory reagent grade, and 75.0 g of iodized salt for food use in Cuba. The predominant fungal strains in the Petri dishes were isolated. They were identified to genus level using the key mycological (Barnett and Hunter 2003) . Fungal concentration was represented by isolines in contour maps with the program Surfer v. 8 (Rodríguez et al. 2005 ) to analyze their spatial distribution.
Statistic analysis
Statistical analysis of data was performed with program Statgraphics Centurion XV. The probability distribution was analyzed with normality test chi-cuadrado; ANOVA was performed and the method of least significant difference (LSD) was applied Fisher.
Results and discussion
The areas studied in the artisanal chocolate plant are shown in Fig. 1 . This sector does not have a defined geometry and its design causes drafts inside it. In addition, the production area is not covered and does not have air-conditioner, and only in the classroom there is a dehumidifier. The warehouse is internal and the customers must enter to receive the products. However, the room dedicated to special regimes (Fig. 2) has a rectangular shape with two access doors that do not create drafts. The two sampled areas are roofed and only the region of packaging has air conditioner. The production area in the zone has two lateral windows towards the outside, at the level of the hopper where the raw materials are mixed. The differences in the design of both plants indicate the possible degrees of fungal contamination. This evidence is in agreement with the studies carried out by (Anaya et al. 2016 ) inside he archives building of patrimonial documents built in the form of blocks.
The values of temperature, relative humidity, and fungal concentration of the two plants are summarized in Table 1 . In general, it was observed that the temperatures in the areas of SR plant were higher than those belonging to the ACP. In the zones without air-conditioner (Production and Processing, respectively), the relative humidity registered were between 70 and 92% for both plants. On the other hand, the region of Packaging of SRP, which has air-conditioner, the entrance of hot air from production area justifies the fluctuation of the relative humidity (RH) that ranged between 51 and 60%. In the same way, this variable showed a similar behavior in the classroom of the ACP (even when there is only one dehumidifier), while in the tunnel, packaging and storage areas respectively, the relative humidity was between 60 and 73%. These are the most important areas in the process of production in both, SRP and ACP sectors, due to they may affect the quality of the final product. This fact is directly related to the variation of the relative humidity which influences crystallization of the chocolate and at the same time allows the microbiological growth in the SRP plant because of the characteristics of the raw materials (dry mixtures) used in this sector.
From the relative humidity values of Table 1 , wet and dry areas can be identified. The container area of SRP may be considered as a dry zone while all areas of ACP along with the production area of SRP were considered as wet zones. These moist areas are more prone to fungal contamination due to the increased deposition of propagules (Lignell et al. 2007) . In this sense, the fungal concentration obtained displayed values (1507 and 1638 CFU m −3 for ACP and SRP, respectively). The data showed a normal distribution (p ≥ 0.05), and the average values of SRP plant with X = 498 CFU m −3 and S = 335 CFU m −3 exceeded those of ACP with X = 288 CFU m −3 and S = 210 CFU m −3 respectively. In the rainy season, the fungal concentrations obtained on the culture media supplemented with lactic acid and chloramphenicol exhibited no significant differences (p ≤ 0.05). A similar fact was observed in the culture media that had the two salts (NaCl and iodized common salt) in their composition (Fig. 3a) . However, these results exceeded those of lactic acid and chloramphenicol, showing the suitability of the salts as bacteriostats (Fig. 3b) . This finding represent an advantage over the use of the antibiotic (chloramphenicol) or the organic acid (lactic acid) (Fig. 3b-d) . Moreover, the use of the Cuban iodized common salt as added as bacteriostatic for monitoring the fungal air pollution in the conditions studied shows an economical benefit, since the price of the salts is lower when compared with the antibiotic and the organic acid. In addition, it was observed that the employment of the salt increases the sensitivity of the sampling technique when the colonies recover exceed 69 CFU equivalent to 900 CFU m −3 of air (Fig. 3c, d ). It is important to mention that this salt is more sensitive than chloramphenicol and lactic acid when the fungal concentration exceeds 10 7 CFU (1400 CFU m −3 air).
In this study, the possibility of detecting fungal strains in culture media containing the highest values of salts shows that the microorganisms detected could be considered as xerophilous and osmophilic. This evidence indicates that these strains may grow on substrates with low water activity and high salt concentration. Hence, these fungal isolates could cause the biodeterioration of the raw materials and the final products in both plants De Clercq et al. 2014; Micheluz et al. 2015) .
The iodized common salt contains minerals in trace amounts that could stimulate the fungal growth along with potassium iodide, present as nutritional supplemented. Differently of sodium chloride, which is a reagent with high level of purity. The phenomenon observed when the fungal concentration is high can be explained because of when increasing the population density in the Petri dish, the availability of sugars and other nutrients decreases (Nayak et al. 2013) .
Regarding the environmental variables and the concentration of fungi in the sampled areas, a tendency was observed in the increase of fungal contamination from the area of the lower to the higher temperature (Fig. 4) . This is explained by the variation of RH caused by the mixing of hot and cold air due to the physical design of the production plants and the movement of personnel that facilitates the entry of contaminated air. Figure 4 b shows the average values of the sampling in the rainy season. In SRP, the packaging area was cleaner (max 52 CFU m −3 air) than the production area which has the most average values between 750 and 1638 CFU m −3 air. This result may be due to direct communication with the exterior through the windows. Since the hopper is at the same height, this constitutes a risk for the products. In the case of ACP, the warehouse was the cleanest area (max 40 CFU m −3 air) which is explained because of the temperature that is controlled by an air conditioner. Moreover, it has an independent entrance and restricted access which reduces microbiological contamination from other areas. Likewise, the classroom has air conditioner and the fungal concentration was between 500 and 700 CFU m −3 air. The elaboration area was the most polluted (max 1612 CFU m −3 air) in the ACP, which is related to the fact that it is not covered and communicates with the side and main corridors of the plant. Therefore, it directly receives the air that comes from the outside, converting it into a way of entry of microbiological contamination to the process. The results displayed that in SRP sector, the packaging area was cleaner (max 52 CFU m −3 air) than the production area, the most contaminated in this study (750-1638 CFU m −3 air) which may be due to direct communication with the exterior through the windows. This constitutes a risk for the product since the hopper is at that height. In the case of ACP, the warehouse is the cleanest area (max 40 CFU m −3 air). The presence of air conditioner and the independent entrance with restriction access in this zone reduces microbiological contamination from other areas. However, although the classroom has controlled temperature, fungal concentration was between 500 and 700 CFU m −3 air. In addition, the elaboration area was the most polluted (max 1612 CFU m −3 air), because of it is not covered and communicates with the side and main corridors of the plant. Therefore, it directly receives the air that comes from the outside, converting it into a way of entry of microbiological contamination to the process. This connection between the processing site and the external environment explains why there was a tendency to decrease the fungal concentration from the low season (March-April) to the rainy season (May-September) and increased again at the beginning of the low rainfall period (October-November) (Fig. 5 ). According to (Rojas 2012) , the rain causes the washed of the atmosphere, and the wind lifts less particles from the soil because it remains humid several days after the precipitation, whereas in the dry season, the wind carries away the dust particles that can move long distances from the ground.
In general, values between 100 to 500 CFU m −3 are acceptable in indoor environments but only 50 CFU m −3 are allowed if they are pathogenic fungi, as is the case of some species of the genus Aspergillus P. micheli ex Haller producing mycotoxins (A. clavatus, A. flavus, A. fumigatus, A. parasiticus and A. ochraceus) (Aquino et al. 2018; Taniwaki et al. 2018 ). According to (Salustiano et al. 2003) . These values justify those employed by (AK 2010) to study the microbiological quality of the air in Valencia Plant of the Kraft Foods Global Company in Venezuela. This company establishes internal control limits for the production room of mayonnaise and cheeses of 100 and 500 CFU m −3 , respectively. Hence, taking into account these previous data, in this study, the production and elaboration areas of SRP and ACP respectively showed high level of contamination which constitutes a microbiological risk. However, the average values of fungal concentration of the remaining areas in both SRP and ACP were between 487 and 464 CFUm −3 respectively; therefore, it can be concluded that in general, their fungal contamination is low (Fig.  5) . The aeromycobiota found in the plants showed Neurospora crassa Shear & B. O. Dodge species together with the predominant fungal genera Aspergillus and Trichoderma Pers. and other less frequent strains of the genera Cladosporium Link and Fusarium Link (Bradford et al. 2018; Garaga et al. 2019; Humbal et al. 2019) . These genera were detected in similar studies in the central warehouse of the Instituto de Investigaciones para la Industria Alimentaria, Cuba (IIIA) (Anaya et al. 2014) as well as in food processing plants in other countries (Salustiano et al. 2003; Asefa et al. 2009 ) which they are considered primary colonizers (Górny 2004) . These fungal species are also present in indoor environments of countries with tropical climates due to abiotic factors such as high temperature and relative humidity. It is suggested that the strains of these genera have a high biodeteriorating potentiality (Bogomolova and Kirtsideli 2009 ) and some can be pathogenic (Nayak et al. 2013 ). However, Penicillium Link and Mucor P. Michelli ex L. were predominant and not frequent in the AC zone, while this behavior was inverse in SRP.
In the case of the genera Aspergillus, Penicillium and Mucor are part of the mycobiota commonly isolated from cocoa beans (Sánchez-Hervás et al. 2008) . However, the presence Trichoderma spp. and N. crassa indicates the possibility of environmental contamination from the outside since these fungi are abundant in soils and vegetation in state of decomposition (Rojas 2012) . The propagules of these strains reached the interior environment through natural ventilation. All these strains were isolated with the four bacteriostats used. Since the development of the aerial mycelium of these two genera prevents the growth of other strains, the counting becomes difficult. Thus, the iodized common salt offers a suitable alternative for this kind of studies.
To control the fungic concentration of the air and thus prevent the microbiological contamination of chocolate and foods with special regimes, it is necessary to maintain the premises with a relative humidity and low temperature. This can be achieved with the use of dehumidifiers and the installation of air conditioners.
The implementation of the HACCP system in the manufacture of special regimes food and chocolate can effectively guarantee the safety and quality of food, expand the market, and improve the level of management of the manufacturers. Critical control points were identified, which include processing, packaging, and storage. So, in these places, the cleaning works must be reinforced to eliminate fungal propagules that may alter the harmlessness of the food (Lu et al. 2014 ).
Conclusions
The sampled locals showed high levels of humidity, which favors fungal development and consequently the contamination although the average detected classified as low in some areas. The importance of the adequate constructive design of the production plants as well as the use and correct location of dehumidifiers was evidenced as a key element to avoid the microbial contamination. The air mycobiota of these places is made up of the species Neurospora crasa together with the fungal genera Aspergillus, Cladosporium, Fusarium, Mucor, Penicillium, and Trichoderma.
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